Abstract
INTRODUCTION 20

Ocean color retrievals in the coastal areas 21
Ocean color retrieval is a challenge in the coastal areas but is a powerful tool for coastal 22 surveys. Sea surface reflection, including sunglint and whitecap, cause significant errors in the 23 ocean color estimation [1, 2, 3] . Sea surface reflection can be estimated from a statistic scheme 24 such as that presented by Cox and Munk [4] using low-resolution wind speed data from a 25 microwave radiometer, a scatterometer, or objective analysis data (e.g., [5, 6] ). However, the 26 correction based on the wind speed data is problematic in coastal areas because of fine 27 variations in the distribution of surface reflection due to variable winds, fetch length, and air-28 sea stability caused by the fine structure of the coastal geography. Several studies have 29 investigated high spatial resolution sunglint correction using hyperspectral bands or small scale 30 glint variations (e.g. [7, 8] ). Murakami and Frouin [9] demonstrated the possibility of sunglint 31 (ρ g ) correction by using 500-m resolution near infrared (NIR) and shortwave infrared (SWIR) 32 bands of Moderate Resolution Imaging Spectroradiometer (MODIS). Higher (10-30 m) spatial 33 resolution sensors are expected to capture higher resolution spatial structures of ocean color 34 phenomena, especially in the coastal areas. However, they have a limited number of spectral 35 bands generally (e.g., without SWIR bands), which prevents the precise estimation of aerosol 36
properties and the distinction between aerosol and sea-surface reflection. 37
In addition to these sensor limitations, coastal areas present difficulties for ocean color 38 retrievals, i.e., high NIR reflectance by suspended matter, complex Inherent Optical Properties 39 (IOPs) due to various material inputs from the land, and bottom reflectance in the shallow areas. 40 This explains why the blue/green ratio of remote sensing reflectance (R rs ), which is 41 ird-00862977, version 1 -18 Sep 2013 traditionally used in the empirical estimation of chlorophyll-a concentration (Chla), does not 42 allow to calculate Chla in most cases of the coastal area (see Table 1 for symbol definitions 43 and units). 44
The New Caledonia lagoon 45
The New Caledonia lagoon is a large, almost continuous lagoon (22177 km 2 ) lying in the 46 southwestern tropical Pacific from 20°S to 22°S and 166°E to 167°E ( and exhibits a strong seasonal cycle with higher values in austral winter (July) or austral 56 summer (February) during nitrogen-fixing Trichodesmium blooms [17, 18, 19, 20] . Upwelling at 57 the barrier reefs [21] as well as internal waves in the southern part of the lagoon are two major 58 mechanisms of exchange with the sea, which can modify the phytoplanktonic assemblage [22] . 59
Rain can also induce large chlorophyll enrichments in the lagoon [23] . With relatively low 60 river inputs and a low turbidity range (0.20-16 g m -3 ), its trophic state is linked to spatial 61 variations in flushing times [12, 16, 24] . Similarly to "optically complex" Case 2 European 62 waters [25] (AVNIR-2). AVNIR-2 has four spectral bands (centered at 463 nm, 560 nm, 652 nm, and 821 77 nm) with a 10-m Instantaneous Field of View (IFOV), a 70-km Field of View (FOV) and a 78 mechanical pointing function (by moving mirror) along the cross-track direction (±44 deg) for 79 effective global land observation. To achieve the ALOS mission objectives (cartography, 80 regional observation, disaster monitoring, resources survey, and technology development) and 81 to expand to quantitative applications, such as determination of vegetation density, coastal 82 water color and their time dependencies, it is important to evaluate, improve and maintain the 83 radiometric calibration accuracy of AVNIR-2 (the pre-defined target is absolute error less than 84 10% [40] The Rayleigh scattering of ρ r and T (at τ a =0) can be estimated by atmospheric radiative 137 transfer simulation. In order to achieve this, we used Pstar2b [45] , which takes into account 138 atmospheric polarization, provided by the National Institute for Environmental Studies (NIES) 139 GOSAT project and the OpenCLASTR project [46, 47, 48] . We prepared look-up tables of 140 ρ r (λ b ) (including sea-surface reflection with wind speed = 0) and T at each geometric condition.
141
The Rayleigh-scattering subtracted reflectance (ρ agw ) can be described by the following Eq. 142 (2). 143
The T(λ b=1,2,3 and 4 , τ a =0) are about 0.83, 0.91, 0.95, and 0.98 respectively at θ sun =θ sat =0. T(λ b , τ a ,
147
M) / T(λ b ,τ a =0) can be approximated as 1.0 because it is >0.9 when τ a <0.5. We simplified 148 aerosol and surface reflection (ρ ag ≡ ρ a +ρ g ) as the following form (Eq. (3)) because ρ ag is to be spectrally smooth and can be approximated by a power function α of the wavelength ratio in 150 most cases [49] . 151
The spectral shape of ρ ag was improved by a correction factor, c wl (= 
168 with 169 
The water-leaving reflectance ρ w in (1) 
where 185 The inversion process was simplified to use only two IOP parameters, a pg (≡ a p +a g ≡ 191 a ph +a dg ) and b bp , and two AVNIR-2 bands, band 1 (463 nm) and band 2 (560 nm). We set the 192 a pg ' as follows. 193 (Fig. 4) . These a ph ' spectra are listed in Table  262 3. 263
Correction of sea floor reflection 264
The R rs and IOP estimation might be influenced by bottom reflectance especially in low 265 absorption and shallow areas, such as site G003 near the barrier reef (11 meters depth, bottom 266 composed of white sands). r rs in shallow areas was approximated by the following equation 267 from [59] : 268 r rs ~ r rs dp
where ρ b is the bottom albedo, H is the bottom depth, θ 0w is the subsurface solar zenith angle, 271 θ w is the subsurface viewing angle from nadir (θ w = sin -1 ( 1 / 1.34 × sin θ a ), θ a is the above-272 surface angle), r rs dp is the remote-sensing reflectance for optically deep water, and κ is the MODIS data set, reported as the median absolute percent differences of normalized water-287 leaving radiance (L wn ) at 443 nm, L wn at 555 nm, and Chla from global in situ observations, are 288 18%, 17%, and 37% respectively [6, 63] . We selected clear MODIS scenes ±1 day from 289 AVNIR-2 observations or between the AVNIR-2 and in situ observation dates. 290 northwest to southeast over the area (Fig. 6g) . The aerosol pattern was removed effectively in 300 the ρ w image (Fig. 6i) by subtracting ρ ag (Fig. 6g ) from ρ agw (Fig. 6f) . High reflectance areas However, it seems to cause overcorrection in some areas, e.g., around the islands and the 313 barrier reef. 314
RESULTS
a pg and b bp 315
Figures 8a and 8b shows a pg at 442nm and b bp at 555nm without the bottom correction 316 (using model spectra (A) in Table 4 ). a pg was high along the coast and in bays near the main 317 land. On the other hand, b bp was high inside the lagoon especially at shallow bottom areas (e.g., 10b, and 10e). The MODIS data at stations M33 and GD10 were scattered because they were 352 too near the coast or the lagoon islands compared to the 1-km resolution products. 353 Figures 11c and 11d show results with the bottom correction. OC2M-HI Chla (Fig. 11d)  354 was calculated by R rs from r rs dp (Eq. (8) worse results than the spectrum modeled from New Caledonia in situ measurements (A) ( Table  363 4). The agreement may be improved further if we optimize the spectra to more specific water 364 types, e.g., bays near the main land, middle-lagoon waters, and waters outside of 2. We confirmed our retrieval of a pg by the LMI can change about 20% (mostly overestimated) 382 using simulated Rrs from our in-situ a pg and b bp . The error is still much smaller than the error 383 due to difference of the model IOP spectra, however, it will need to be considered for more 384 precise estimate in the future. The New Caledonia lagoon area has a relatively clear atmosphere compared to coasts in the 394 northern hemisphere, such as the Asian coasts. This scheme does not consider absorptive 395 aerosols that cannot be described by the simple Eq. (3). For more complex atmosphere 396 (aerosol) conditions, more bands may be necessary than the two that were used here for the 397 aerosol characterization (this study used 652 nm and 821 nm). If the sensor has lower noise and 398 SWIR bands (e.g., MODIS 500 m bands and SGLI 250m band), we may be able to estimate α 399 at each pixel and obtain more realistic measurements of α and ρ ag . However, the absorptive 400 aerosol correction may still be difficult using the simple Eq. (3).
The bottom effect 402
AVNIR-2 b bp seemed to be influenced by the bottom reflectance. Bottom sands can be seen 403 from satellite if bathymetry is shallow. For example, the bottom depth of the station G003 is 11 404 m with a relatively low a pg . Agreement between AVNIR-2 IOPs and in situ IOPs were 405 improved by considering the bottom reflectance generally, but they seemed to be overcorrected 406 in some areas around the islands and along the barrier reef (Fig 6j) . They are supposed to be 407 
APPENDIX: 465
Calculation of TOA reflectance with gaseous absorption correction
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